Recent electron micrograph measurements of bacterial dimensions in exponentially growing cultures of Escherichia coli support a model of bilinear increase in cell surface area and volume, with a sharp doubling in growth rate at a discrete age during the cell cycle. The results also indicate coordinate regulation of increase of surface area and volume. Trueba and Woldringh (9) recently demonstrated that cell widths decreased during much of the E. coli cell cycle. As discussed below, their observations also support a model of bilinear cell growth of this bacterium, i.e., linear increase in cell colume and surface with a doubling in the rates of increase at a transition point during the cell cycle.
In the past, measurements of bacterial dimensions, whether upon individual growing cells dividing by binary fission or as average values in steady-state or synchronized cultures, have not been sufficiently precise to distinguish between a variety of possible patterns of cell growth. Even in the bacterium most frequently investigated, the rod-shaped Escherichia coli, differences in results and interpretations have been due to (i) the minuteness of bacterial cells, which have dimensions at the limit of resolution of the optical microscope; (ii) the large variability in cell size at every age during the growth and division cycle; and (iii) imperfections in cell synchronization in synchrony experiments. Moreover, because bacterial cell widths could not be measured precisely, it was generally assumed that the width of E. coli cells remained invariant across the cycle and, therefore, that the pattern of cell length extension was essentially the same as that for increase in cell volume and surface area. However, by employing more exact niethods of electron micrography, Trueba and Woldringh (9) recently demonstrated that cell widths decreased during much of the E. coli cell cycle. As discussed below, their observations also support a model of bilinear cell growth of this bacterium, i.e., linear increase in cell colume and surface with a doubling in the rates of increase at a transition point during the cell cycle.
Trueba and Woldringh measured both length and diameter of cells taken from cultures in the exponential growth phase. In the analyses presented here, mean cell volume V and surface area A were calculated from the graphical data of these authors for mean cell length L and diameter W (Fig. 4 of reference 9 ) on the assumption that cell shapes are described by right circular cylinders with polar hemispherical caps. Then A = 1TWL and V = frW2 (1 - The following growth models were tested for agreement with experimental results for A and, separately, for V: linear elongation-model I, A or Vproportional to L (linear growth); model II, lnA or lnV proportional to L (exponential growth); exponential elongation-model III, A or V proportional to lnL; model IV, lnA or lnV proportional to lnL. In each case steady-state growth kinetics was assumed, requiring L, A, and Vto double over one mean cell cycle period. With these restrictions, model IV is equivalent to model I. The fits of each of the three remaining models (I, II, and III) to the data were compared to that for bilinear growth (linear growth with rate doubling during the cycle) of exponentially elongating cells, using a computer program to calculate the bilinear regressions.
Bilinear regressions for one of the cultures, strain H266 (194 min doubling time), described by Trueba and Woldringh (9) are shown in Fig. 1A . In addition to the regressions for A and for V, this figure also shows the corresponding fit for the parameter W.2", which should also in- crease bilinearly according to this model. As can be seen from the figure, the transition points for rate doubling in increase of V, A, and W. 2a are indistinguishable. Growth rate doubling occurred at an age of 0.94 generation. Similarly, the data for each of the other cultures in Table  1 also fitted bilinear regressions.
In contrast, Fig. 1B and 1C show the corresponding curves obtained with the same data when models for linear or exponential increase in volume were tested. A linear increase in volume would require that the data in Fig. 1B follow a linear regression, whereas an exponential increase would require that the data in Fig.  1C follow a linear regression. Instead, in each case the data formed two distinct response groups. Any attempt to fit the data of Fig. 1B or C with a straight line would lead to runs of points above and below that line, rather than to a random distribution of the data points about the line. Corresponding graphs for area lead to the same kinds of deviations and to the same conclusion that the data do not support linear or exponential increase.
In Table 1 the goodness of fit of models I, II, and III is compared with that for bilinear growth for five of the cultures described by Trueba and Woldringh (9) . Omitted are strain B/r A (22.5 min) and strain B/r H266 (72 min), for which the data appeared to be unusually variable. On the bases of tests for mean square successive differences (3), runs (8) , and runs up and down (2), models I, II, and III were rejected for surface area increase because fitted values differed from chance variation at the 0.05 probability level or less for each of the five cultures. In contrast, the bilinear model passed these tests for all but one of the cultures.
For volume models, only the bilinear model passes the mean square successive difference and runs tests for each of the cultures. These tests, however, fail to discriminate against model II, for which only a single culture is rejected. When the results of all of the tests including that for the variance ratio are considered, the bilinear model is significantly more likely than any of the others. The bilinear volume model is acceptable for all but one strain, whereas model I is rejected for all but strain H266 (43 min), model II is rejected for all but strain CR34, and model III is rejected for all strains.
Thus Fig. 1 and 
